Real-world comorbidities and treatment patterns among patients with nonalcoholic fatty liver disease receiving phosphatidylcholine as adjunctive therapy in Russia
Igor V Maev, 1 Aleksey A Samsonov, 1 Liudmila K Palgova, 2 Chavdar S Pavlov, 3 Elena Shirokova, 4 Kirill M Starostin ► The prevalence of non-alcoholic fatty liver disease (NAFLD) being usually considered as a component of metabolic syndrome is alarmingly growing worldwide with 37% prevalence in Russianadult population. Since no medicine can be considered today as the standard of care for the treatment of NAFLD, pharmacotherapy that targets fat accumulation in the liver and ameliorates hepatic histology would be beneficial for the management of NAFLD. ► Due to their membranous, antioxidative, and antifibrotic effects, administration of essential phospholipids (EPLs), which are hepatoprotective natural products, has been pathogenically justified in hepatic steatosis.
What are the new findings?
► In Russia, patients with newly diagnosed NAFLD represent a population heavily burdened by comorbidities, mainly overweight/obesity and hypercholesterolaemia and more than one-third of them experienced a lack of appropriate treatment related to their comorbidities ► EPL administration was associated with a favourable safety profile, high treatment adherence, and patient satisfaction.
How might it impact on clinical practice in the foreseeable future?
► Liver protection with EPLs might have a place in the management plan of NAFLD complementing lifestyle modification and other medications that the patient may be taking. ► Screening strategies and disease management practices in NAFLD patients with associated metabolic comorbidities in Russia should be improved.
AbSTrACT
Objective Previous research conducted in Russia showed that the number of patients with non-alcoholic fatty liver disease (NAFLD) and associated metabolic comorbidities is large. We conducted an observational study to describe the management of NAFLD in patients with metabolic syndrome in Russia. Design A total of 2843 adult patients from 174 medical sites across 6 federal districts of Russia with newly diagnosed NAFLD, who had at least one of four comorbidities, namely overweight/obesity, hypertension, type 2 diabetes mellitus, and hypercholesterolaemia, and who received phosphatidylcholine (PPC) as an adjunctive treatment to standard care, were enrolled during 2015-2016. results Overall, 2263 patients (79.6%) had at least two metabolic comorbidities associated with NAFLD; overweight/ obesity was the most common comorbidity reported in 2298 patients (80.8%). Simple steatosis was the most frequently identified clinical form of NAFLD, diagnosed in 2128 patients (74.9%). Among hypertensive patients, ACE inhibitors, statins, and sartans were most commonly prescribed. Biguanides were administered in more than half of diabetic patients. In patients with overweight/obesity and hypercholesterolaemia, statins were the most frequently prescribed medications. Almost all patients (2837/2843; 99.8%) were treated with 1.8 g of PPC three times per day. PPC therapy was associated with a 90.5% 6-month compliance rate, high treatment satisfaction, and a favourable safety profile. However, almost 15% of diabetic patients and 40% of overweight/obese patients received no further treatment.
Conclusions In Russia, patients with newly diagnosed NAFLD represent a population heavily burdened by comorbidities, mainly overweight/obesity and hypercholesterolaemia. A significant part of these patients did not receive a comprehensive pharmacotherapy, highlighting the existing unmet need in the current management of NAFLD patients with metabolic syndrome in Russia.
IntroductIon
Non-alcoholic fatty liver disease (NAFLD) is the most common liver disorder worldwide. 1 It is an acquired metabolic stress-induced liver disease, caused by multifactorial pathogenic mechanisms. 2 NAFLD encompasses a broad spectrum of liver clinical pathologies, Open access including simple steatosis (fatty infiltration in more than 5% of hepatocytes) and non-alcoholic steatohepatitis (NASH), which could advance to fibrosis and cirrhosis, and may lead to liver failure, or even hepatocellular carcinoma. 1 3 The prevalence of NAFLD is alarmingly growing worldwide, reaching 16.5% in lean individuals and up to 75% in obese individuals in both the adult and paediatric populations. [4] [5] [6] The rising prevalence is mainly attributed to changes in dietary habits and sedentary lifestyle. 7 NAFLD is increasingly recognised as the hepatic manifestation of the metabolic syndrome that represents a cluster of metabolic abnormalities, such as hyperlipidaemia, glucose intolerance, obesity, and systemic hypertension. 2 3 It has been demonstrated that the risk and severity of NAFLD increase with the number of components of metabolic syndrome present. 2 8 Obesity is considered as the biggest risk factor for NAFLD, with up to 74% of the obese population having diagnosed NAFLD. [9] [10] [11] Moreover, the growing evidence suggests that NAFLD may also be considered as an independent risk factor for the metabolic syndrome. 11 It has been shown that NAFLD increases the risk of type 2 diabetes mellitus (T2DM) and atherogenic dyslipidaemia, 12 13 exacerbates cardiovascular disorders, and increases the risk of cardiovascular mortality. [13] [14] [15] Current therapy of NAFLD is mainly directed at treating the components of the metabolic syndrome and includes correction of obesity with a hypocaloric diet and physical exercise, and control of hyperglycaemia with diet, insulin, or oral hypoglycaemic agents. 16 Lifestyle modifications, such as weight reduction and physical activity, may reverse steatosis, decrease liver enzyme levels, and reduce fibrosis to some extent. [17] [18] [19] However, only a small proportion of patients adhere to lifestyle modifications, such as regular exercise and a long-term healthy diet. 20 Thus, pharmacotherapy that targets fat accumulation in the liver and ameliorates hepatic histology could be beneficial for the management of NAFLD. 21 Essential phospholipids (EPLs) are naturally occurring hepatoprotectors that represent a well-defined, highly purified extract of the semen of soybeans with the standardised content of 72%-96% of 3-sn-phosphatidylcholine, the active molecule of EPLs. EPLs have been consistently associated with clinical improvement of steatosis based on ultrasound, CT, and liver biopsy. 2 22-25 Due to the membranous, antioxidative, and antifibrotic effects, administration of EPLs in hepatic steatosis and NASH has been pathogenically justified, 16 and EPLs are recommended as an antioxidant therapy for NAFLD in the Russian guidelines for the diagnosis and management of NAFLD. 26 In Russia, NAFLD is present in up to 37% of the adult population 27 and is frequently associated with the metabolic syndrome. 28 Due to its high prevalence and associated risk factors, it seemed valuable to conduct an observational study aimed at describing the current clinical practices in the management of NAFLD in high-risk patients in Russia. We defined 'high-risk' patients as a group diagnosed with NAFLD and one or more associated metabolic comorbidities (arterial hypertension and/ or overweight/obesity and/or high cholesterol and/or T2DM). The primary study objective was to describe the management patterns of NAFLD in subgroups of patients with concomitant diseases who were already receiving EPLs as an adjunctive treatment. The secondary objectives aimed at evaluating the safety of EPLs, compliance to EPL therapy, and treatment satisfaction; the effectiveness of EPLs was also evaluated but will be reported in detail elsewhere.
Methods study design and setting
This was an observational, multicenter study, which enrolled patients at 174 medical sites across 6 major federal districts of the Russian Federation between September 2015 and September 2016. Patients who met the study eligibility criteria were enrolled and followed-up by general practitioners and gastroenterologists.
The study was conducted under real-life conditions of daily clinical practice and in accordance with the Declaration of Helsinki, the Good Clinical Practice guidelines, and all applicable Russian laws and regulations. All patients were informed about the nature of the study.
Patients
Male and female outpatients, aged between 18 and 60 years, with newly diagnosed NAFLD (within 30 days before study inclusion) were enrolled. In addition, eligible patients had at least one of the following concomitant diseases: high blood pressure diagnosed by a cardiologist, T2DM diagnosed by an endocrinologist, high serum cholesterol (defined as a total cholesterol level of ≥5.0 mmol/L), and/or overweight/obesity (body mass index≥27 kg/m 2 ). Patients had also been receiving EPL therapy (Essentiale Forte N: 300 mg of EPLs) prescribed by a physician as an adjunctive treatment to standard care in routine clinical practice. Since this was an observational study, no therapeutic or diagnostic intervention was performed in the frame of the study. Major exclusion criteria were the presence of other severe acute or chronic conditions (including other liver diseases and neoplasms), and treatment with other hepatoprotectors, intravenous phosphatidylcholine (PPC), or other concomitant EPLs within 30 days before study entry.
study endpoints
The primary objective of this study was to describe the management patterns of NAFLD in subgroups of patients with concomitant diseases (arterial hypertension and/ or overweight/obesity and/or high cholesterol and/or T2DM) who were receiving PPC as an adjunctive treatment to standard care. The differentiation between 'pure' steatosis, steatohepatitis, and fibrosis was made based on available ultrasonographic data, liver function tests, and transient elastography/liver biopsy (for liver fibrosis staging). Furthermore, the study aimed to estimate the average daily dose, and evaluate the 6-month medication adherence and safety of PPC administered as an adjunctive treatment of NAFLD in daily clinical practice. The effectiveness of PPC adjunctive therapy in improving ultrasonographic findings and liver function tests was also evaluated. However, these outcomes are beyond the scope of this publication, and will be presented elsewhere.
data collection
Individual patient data were collected using electronic case report forms at three time points: at baseline, 12 weeks, and 24 weeks. At baseline, information on NAFLD/liver disease symptoms, the nature and number of comorbidities associated with NAFLD, patients' previous pharmacological treatments, and the prescribed dosage and duration of PPC therapy was collected. Moreover, at each study visit, results of the most recent laboratory tests (which include liver function tests, and blood glucose and lipid profile), ultrasonography findings (if available), and current pharmacological treatments were assessed. In addition, at 12 and 24 weeks of the study, reasons for study withdrawal, patients' compliance to PPC therapy (which was evaluated through the use of a patient diary, or by calculating the ratio of the number of PPC capsules taken to the number of PPC capsules prescribed over the study period in case of patient diary loss), and adverse events (AEs)/serious AEs (SAEs) were evaluated. Furthermore, at 24 weeks of the study, both patients and physicians were asked to assess their satisfaction with PPC therapy using a 4-point Likert scale (where 1 is somewhat dissatisfied or low level of satisfaction, 2 somewhat satisfied or moderate satisfaction level, 3 very satisfied or high satisfaction level, and 4 extremely satisfied or very high satisfaction level).
statistical analyses
Since this study aimed to describe the real-world treatment patterns in four subgroups of NAFLD patients with comorbidities, most findings were reported as proportions. To detect a proportion of 50.0%±3.7%, at a two-sided significance level of 5%, with 90% power, in any of the four comorbidity subgroups of patients with one, two, three, or four concomitant diseases, a sample size of 701 subjects per subgroup was calculated as appropriate. Assuming a dropout rate of less than 3%, the number of patients per subgroup was 720. Consequently, a total sample size of 2880 patients was required for this study. The population set used for statistical analysis comprised all eligible enrolled patients who provided adequate evaluable data at each study visit. The Wilcoxon-Mann-Whitney, the Student's t, or the analysis of variance tests were applied for continuous variables to assess the statistical significance of subgroup differences. The association between categorical variables was examined by Pearson's χ 2 or Fisher's exact two-tailed test, when appropriate. In general, findings were reported for categorical variables using percentage distributions, while mean, SD, median, and IQR were used to describe continuous variables. All statistical tests were two-sided and were performed at a 0.05 significance level. Statistical analyses were performed using SAS V.9.3. District) . A total of 16 subjects (0.56%) dropped out of the study due to logistic issues.
results

Patient characteristics
The majority of the study population were female (62.2%) who had a significantly higher mean±SD age than their male counterparts (49.7±8.2 vs 47.2±9.0 years; p<0.001). The patients' demographic and baseline characteristics are presented in table 1. The vast majority (2434/2843; 85.6%) of the study participants were non-smokers, and only 201 patients (7.1%) consumed alcohol at least once a week.
diagnosis and assessment of nAFld
Based on physical examination at baseline, several signs of chronic liver disease were detected in half of the study
In total, 1813 out of 2843 patients (63.8%) had an enlarged liver based on clinical examination (percussion and palpation of the liver), and further confirmed by ultrasound examination performed for all study participants, transient elastography performed in 125 patients (4.4%), and liver biopsy performed in 2 patients (0.07%). Based on the combined findings of these three diagnostic methods, hepatomegaly was detected in 1774 out of 2843 patients (62.4%). In addition, hepatic steatosis was observed in almost all study participants (2747/2843; 96.6%).
Staging of NAFLD showed that simple steatosis was the most frequently seen clinical form of NAFLD, diagnosed in 2128 patients (74.9%). NASH was detected in 712 patients (25.0%), and only 3 patients (0.1%) suffered from fibrosis. Cirrhosis was not detected in any of the patients.
Prevalence and treatment patterns of comorbid conditions
Overweight/obesity was the most common comorbid condition in the overall study population, with a prevalence rate of more than 80%. High serum cholesterol was also a major comorbid condition, reported in nearly 75% of the study participants. High blood pressure was diagnosed in 57.8% of patients, and T2DM in 16.8%. Overall, 2263 patients (79.6%) had at least two metabolic comorbidities present (table 1) . Table 2 presents the prescription patterns of comorbidity-related medications at baseline and after 24 weeks in the overall study population. At baseline, the proportion of patients who did not receive any comorbidity-related medication was the lowest in patients with T2DM (14.9%), and the highest in patients with overweight/ obesity (39.1%). After 24 weeks, we observed a decrease in the use of concomitant medication in patients with NAFLD receiving EPLs as an adjunctive treatment for all four comorbidities (table 2) .
In patients with all four comorbidities, biguanides were the most frequently prescribed concomitant medications (in 126/282 patients (44.7%) at baseline vs 137/281 patients (48.8%) at 24 weeks), followed by ACE inhibitors (in 95/282 (33.7%) at baseline vs 96/281 (34.2%) at 24 weeks), and statins (85/282 (30.1%) at baseline vs 88/281 (31.3%) at 24 weeks). Statins were practically the only class of prescribed lipid-lowering agents; besides statins, only two patients with hypercholesterolaemia were treated with fenofibrate.
On average, 62% of patients with one comorbidity did not receive any concomitant medication (357/580 (61.6%) patients at baseline vs 363/570 (63.7%) patients at 24 weeks). The number of patients with all four comorbidities who were not treated with any concomitant medication was 37/282 (13.1%) and 33/281 (11.7%) at baseline and 24 weeks of the study, respectively.
Overall, 86.2% of all patients were not compliant with strict diets or starvation recommended by their physicians, even for a few times a month. dosing regimens, safety, and adherence to PPc therapy Almost all study participants (2837/2843; 99.8%) were prescribed 1.8 g of PPC administered three times per day. The 6-month compliance rate to PPC therapy was estimated at 90.5%. The majority (81.7%) of attending physicians were either extremely satisfied (616/2827; 21.8%) or very satisfied (1693/2827; 59.9%) with the patients' PPC therapy. Similarly, patient satisfaction with PPC therapy was very high (82%) (figure 1). PPC showed a good safety profile, and no AEs/SAEs were reported during the study period.
dIscussIon
Our study expands existing knowledge on the prevalence of comorbid conditions in patients with newly diagnosed NAFLD and on the management of these conditions in a real-life setting in Russia. The nationwide screening study, DIREG 1 (Non-alcoholic Fatty Liver Disease morbidity rateand its correlations with risk factors assessment among the GP-s patients flow, DIsease REGistry, DIREG_L_01903), on the prevalence of metabolic comorbidities in 8315 NAFLD patients in Russia, found that hypercholesterolaemia, arterial hypertension, and obesity were all frequently observed and prevalent in more than 50% of the NAFLD patients; while T2DM was detected in 23.1% of patients. 28 Our study confirms that overweight/obesity, hypertension, and hypercholesterolaemia are the most prevalent NAFLD comorbidities with a prevalence rate of more than 57%. Overweight/ obesity was the most frequent metabolic comorbidity of NAFLD reported in 80.8% of patients. This is in line with the recently published data from the American Association for the Study of Liver Diseases which found that obesity (from overweight to obese and severely obese states) is the most common and well-documented risk factor of NAFLD. 29 Our study showed that almost 80% of high-risk patients with recently diagnosed NAFLD had at least two metabolic comorbidities. This is consistent with the previously published findings where approximately 90% of NAFLD patients had more than one component of the metabolic syndrome. 10 29 30 A complex relationship between NAFLD and the metabolic syndrome is frequently discussed in the literature. 29 It has been established that accumulation of hepatic fat, which is closely linked to insulin resistance, increases lipolysis of peripheral adipose tissue and increases fat influx into the liver in the form of free fatty acids. Insulin resistance was shown to promote de novo triglyceride synthesis within the liver and to inhibit fatty acid oxidation, thereby promoting triglyceride accumulation. 21 31 Therefore, improving insulin sensitivity could be a key strategy in the treatment of NAFLD. 21 The majority of patients diagnosed with NAFLD are asymptomatic. 32 Clinical symptoms and physical findings, when present, are usually non-specific and unreliable for diagnosing and assessing NAFLD severity. 33 34 In our study, simple steatosis was the most frequently seen Table 2 Prescription patterns of comorbidity-related medication at baseline and after 24 weeks in the study population Percentages are calculated as n/N. Some patients (%) with multiple comorbidities were included in several columns.
*Or overweight. †Including sulfonylureas (ie, gliclazide, gliquidone, glimepiride, and glibenclamide), insulin, inhibitors of dipeptidyl peptidase-4 (ie, vildagliptin, sitagliptin, saxagliptin, and linagliptin), repaglinide, and acarbose. HT, hypertension; T2DM, type 2 diabetes mellitus. clinical form of NAFLD, diagnosed in approximately 75% of patients. Frequently, hepatomegaly is the only physical finding in NAFLD patients. 32 In our study, hepatomegaly was observed in 62.4% of patients, based on the combined findings of liver ultrasonography, transient elastography, and liver biopsy. This was additionally supported by percussion and palpation of the liver, which detected hepatomegaly in 63.8% of patients, stressing the diagnostic value of physical examination and non-invasive tests, such as palpation and percussion.
More than 25% of NAFLD patients with overweight/ obesity, high serum cholesterol, and hypertension were treated with statins. Statins are usually the first-line treatment for NAFLD patients with dyslipidaemia and elevated serum cholesterol. Moreover, they are the most commonly prescribed lipid-lowering agents in Russia, which was highlighted in our study. Yet, there has long been a reluctance to treat patients with liver disease with lipid-lowering therapy, and specifically with statins, because of hepatotoxicity concerns. 35 However, the incidence of serious hepatotoxicity with statins in patients with NAFLD is exceedingly low, and statins are safely used in patients with liver disease. 36 Moreover, statins have a well-established role in the primary and secondary prevention of cardiovascular diseases. 35 Our results also show that hypertension was most commonly treated with ACE inhibitors and sartans, which is in accordance with the current treatment recommendations for hypertension management. Both sartans and ACE inhibitors have been shown to reduce fibrosis progression in chronic liver disease. 35 Biguanides (specifically metformin) were prescribed to 50.5% of NAFLD patients with T2DM in this study. All currently approved diabetes medications are deemed safe in patients with compensated liver disease, and NAFLD should not limit the patient's therapeutic options. 35 Although metformin has been shown to be beneficial in improving peripheral tissue insulin sensitivity, it should be noted that two published meta-analyses of randomised controlled trials have reported that metformin therapy does not improve liver histology in patients with NAFLD and NASH. 37 38 Thus, metformin is not recommended for treating NASH in adult patients. 29 Alarmingly, almost 15% of diabetic patients did not receive any further treatment except for the prescribed 1.8 g of PPC three times per day. This could be related to inadequate evaluation of the disease and its comorbidities; low adherence to anti-diabetic medications which might be due, among other reasons, to patient out-ofpocket costs. 39 40 In addition, according to the latest Russian guidelines which were designed to standardise and facilitate T2DM care in all regions of the Russian Federation, drug treatment for T2DM is recommended in patients with haemoglobin A1c above 6.5%, 41 while in our study, mean±SD haemoglobin A1c level at baseline was 6.1%±1.4%.
Moreover, we found that approximately 62% of NAFLD patients with one metabolic component did not receive any concomitant medication. This is a particularly high figure which highlights the need to improve knowledge among physicians on metabolic comorbidity treatment in NAFLD patients.
Almost 40% of overweight/obese patients did not receive any further treatment for their obesity. This was expected, given that the adoption of healthy lifestyle habits is the foundation of managing obesity. Yet, 86.2% of all patients were not compliant with the recommended strict diets. Although the use of pharmacotherapy in the management of obesity remains controversial, pharmacological agents may be beneficial in the treatment of obese patients with NAFLD, since visceral fat is strongly associated with hepatic steatosis. 42 43 Thus, improving hepatic steatosis in obese patients should be the focus for future intervention trials.
At 24 weeks of the study, we observed a decrease in the use of concomitant medications in all four comorbidity subgroups (hypertension, overweight/obesity, T2DM, and high cholesterol). This finding is rather worrying since the current treatment of chronic metabolic disorders is a life-long commitment requiring administration of daily doses of medication. Thus, it is important to increase patient adherence to life-long medication by improving patient-physician communication and simplification of drug regimens. 44 45 Management of NAFLD should aim at preventing progressive liver injury in high-risk patients. EPLs belong to a class of hepatoprotectors with diverse pharmacological properties and are recommended in the Russian guidelines for the management of NAFLD. 26 In in-vitro and animal investigations, EPLs showed anti-inflammatory, antioxidant, antifibrogenic, antiapoptotic, membrane-protective, and lipid-regulating effects. 46 The review of 25 clinical studies evaluating EPL effectiveness in fatty liver disease showed that EPLs accelerated the improvement or normalisation of subjective symptoms and pathological findings, such as pain in the right hypochondrium, dyspeptic symptoms, and hepatomegaly. 16 In our study, EPL administration (99.8% of patients received 1.8 g of PPC three times per day) was associated with high Open access levels of treatment adherence and satisfaction, and a very good safety profile (no reported AEs/SAEs during the study period).
This study had some limitations inherent to its observational nature, mainly patient selection bias associated with the enrolment of patients with specific comorbidities. Therefore, the prevalence and treatment patterns of the comorbidities might not accurately reflect the actual situation in Russia. However, in order to reduce patient selection bias, each physician was requested to enrol a consistent set of patients (16 consecutive patients per physician) that met the study eligibility criteria. Additionally, the possible influence of confounding factors on the outcomes of this study has been accounted for in the statistical analyses by use of multivariate analyses.
Among other limitations, it can be mentioned that liver biopsy, which is still considered the gold standard for the diagnosis of NAFLD, and elastography were rarely performed, and differentiation between NAFLD stages was achieved using available data (mainly ultrasonography and liver enzyme activity). It is impractical to perform liver biopsy since it has many drawbacks, such as sampling error, cost, and risk of complications. 2 Furthermore, because of the complexity of the analyses, we were unable to assess patient adherence to PPC therapy and to comorbidity-related medications, according to the number and nature of associated metabolic comorbidities. In addition, histological evaluation of liver tissue was not performed.
There are also several key strengths to this study. The large sample size and the large number of study centres (n=174) located in 18 different cities throughout the country make it possible to extrapolate the results to the general population of high-risk patients with newly diagnosed NAFLD in Russia.
In conclusion, the present study indicates that, in Russia, patients with newly diagnosed NAFLD represent a population heavily burdened by comorbidities, mainly obesity and hypercholesterolaemia. Importantly, more than 40% of patients included in the study may experience a lack of appropriate treatment related to their conditions. EPL administration was associated with high levels of treatment compliance and satisfaction, and a very good safety profile among NAFLD patients with comorbidities. However, there remains an urgent need to improve the screening strategies and disease management practices in the high-risk population. Acknowledgements The authors would like to thank Thomas Rohban, MD (Partner 4 Health, France) for providing medical writing support (sponsored by Sanofi) in accordance with the Good Publication Practice (GPP3) guidelines.
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